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TOUCH PANEL AND ELECTRONIC DEVICE 
BACKGROUND OF THE INVENTION 

1. Field of Invention 

[0001] The present invention relates to a touch panel capable of input by a finger, a 
pen, or the like. 

2. Description of Related Art 

[0002] Currently, touch panels have been developed as coordinate detection devices, 
mounted on electronic devices, such as small portable information devices, and capable of 
input by a finger, a pen, or the like. Known touch panels for position detection as in the 
coordinate detection devices are of a resistive contact type and an electrostatic capacitive 
coupling type which can achieve a simple structure and a thin profile of the touch panels. The 
resistive contact type includes an analog resistive contact type and a digital resistive contact 
type. The former is capable of analog input, such as character input, and the latter is capable 
of on-off actions of a switch at the position of the touch panel touched by a finger, a pen, or 
the like. 

[0003] All types of touch panels, that is, the analog resistive contact type, the digital 
resistive contact type, and the electrostatic capacitive coupling type for position detection, can 
have the same basic structure in which a pair of substrates oppose each other with a 
predetermined spacing therebetween and have a pair of transparent electrodes in a 
predetermined configuration on the inner surfaces of the substrates. 

[0004] Referring now to Fig. 1 1, the structure of the analog resistive contact-type 
touch panel will be briefly described by way of example of a known touch panel. Fig. 1 1 is 
an exploded perspective view illustrating a known analog resistive contact-type touch 
panel 100. 

[0005] As shown in Fig. 1 1, the touch panel 100 has a lower substrate 101 and an 
upper substrate 1 02 opposing each other with a predetermined spacing therebetween and an 
air space (not shown) is interposed therebetween. A lower transparent electrode 105 and an 
upper transparent electrode 106 made of indium tin oxide, etc., are formed on substantially 
the entire inner surfaces of the lower substrate 101 and the upper substrate 102, respectively. 
The resistive contact-type touch panel 100 for position detection has a structure in which the 
upper substrate 102 is formed of a flexible substrate, such as a plastic film or the like, and is 
deformed at a position thereof which is pressed by a finger, a pen, or the like so that the lower 



transparent electrode 105 and the upper transparent electrode 106 are brought into contact 
with each other. 

[0006] When a known touch panel of the analog resistive contact type, the digital 
resistive contact type, or the electrostatic capacitive coupling type is mounted on the view 
side of a display device such as a liquid crystal panel, outside light entering from the operator 
side is incident on the upper substrate, passes through the upper transparent electrode, the air 
space, the lower transparent electrode, and the lower substrate in that order, and then is 
incident on the display device. Light emitted from the display device passes through in the 
reverse route and is emitted from the operator side. 

[0007] While the refractive index of the air space is 1 , the refractive index of either 
of the transparent electrodes is large, that is, about 1 .97. The difference in the refractive 
indexes of the air space and the transparent electrode causes light incident on the transparent 
electrode from the air space, or vice versa, to be reflected at the surface of the transparent 
electrode, i.e., at the boundary between the air space and the transparent electrode. This leads 
to lower light transmittance of the touch panel, thereby possibly resulting in lower visibility of 
the display device. 

[0008] To solve this problem, a proposal has been made in which a liquid space 
having a refractive index close to that of the transparent electrode is interposed between the 
pair of substrates instead of the air space. Though the liquid space interposed between the 
pair of substrates prevents the light reflection at the surface of the transparent electrode, air 
bubbles may be formed in the liquid space, thereby possibly causing a problem of lower 
visibility of the display device provided with this type of touch panel. 

SUMMARY OF THE INVENTION 

[0009] The present invention has been made in view of the above problems. 
Accordingly, it is an object of the present invention to provide a resistive contact-type touch 
panel or an electrostatic capacitive coupling-type touch panel having high light transmittance 
by reducing the light reflection at the boundaries between an air space and transparent 
electrodes. 

[0010] A touch panel according to the present invention can include a pair of 
substrates opposing each other with a predetermined spacing therebetween, a pair of 
transparent electrodes formed in a respectively predetermined pattern on the inner surfaces of 
the pair of substrates, and a plurality of projections formed on the surface of at least one of 
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the pair of transparent electrodes with a substantially periodical pitch shorter than any 
wavelength of visible light. 

[0011] An air space is preferably formed between the pair of electrodes. When the 
projections and depressions are formed in a substantially periodical manner on the surface of 
the transparent electrode, light incident on the transparent electrode from the air space is 
reflected and diffracted at the lower transparent electrode. However, the projections and 
depressions formed with a substantially periodical pitch shorter than any wavelength of 
visible light reduce the light reflection and diffraction at the boundary between the air space 
and the transparent electrode. The projections and depressions thus increase light 
transmission on the transparent electrode. Accordingly, the light reflection and diffraction at 
the boundary between the air space and the transparent electrode can be reduced in the touch 
panel of the present invention. 

[0012] Each of the projections is preferably formed to become smaller from the 
bottom to the top thereof. Defining the shape of the projection to be tapered in this manner 
serves to ease a sudden change in the effective refractive index in the region between the air 
space and the outer surface of the substrate, thereby further reducing the reflection and 
diffraction afthe boundary between the air space and the transparent electrode. 
1 [0013] The projection can preferably formed to become smaller in a continuous or 
stepwise manner from the^bottom to the top thereof, particularly as a truncated pyramid or a 
truncated cone or as a pyramifcUDr a cone. 

[0014] The plurality ofWojections can preferably arranged in a substantially 
periodical manner in at least two directions. 

[0015] When the plurality of projections are formed only in one direction in a 
substantially periodical manner, polarized light travelling orthogonal to the direction is hardly 
affected by the periodic structure of the projections. That is, reflection and diffraction of the 
polarized light are not reduced at the boundary between the air space and the transparent 
electrode. This problem can be solved by arranging the projections in a substantially 
periodical manner in at least two directions. 

[0016] The plurality of projections can preferably have a pitch ranging from 10 to 
100 nm. 

[0017] The plurality of projections are preferably formed on the surfaces of the pair 
of transparent electrodes. In this case, the plurality of projections formed on the surface of 



one of the pair of transparent electrodes may have a pattern of the same as or different from 
that of the other transparent electrode. 

[0018] The projection may be formed by providing a projection on the surface of the 
substrate and the transparent electrode may be formed over the projection of the substrate. 
Alternatively, the projection may be formed by providing a projection on the transparent 
electrode. 

[0019] The touch panel may further include a plurality of spacers, between the pair 
of transparent electrodes, for keeping the spacing between the pair of transparent electrodes. 

[0020] The touch panel may be any one of an analog resistive contact type, a digital 
resistive contact type, and an electrostatic capacitive coupling type. 

[0021] An electronic device of the present invention can include a touch panel. The 
touch panel may have a lower substrate, a flexible input substrate opposing the lower 
substrate with a predetermined spacing therebetween, a lower transparent electrode with a 
predetermined pattern formed on the inner surface of the lower substrate, an input transparent 
electrode with a predetermined pattern formed on the inner surface of the input substrate so as 
to oppose the lower transparent electrode with a predetermined spacing therebetween, and a 
plurality of projections formed on the surface of at least one of the lower transparent electrode 
and the input transparent electrode with a substantially periodic pitch shorter than any 
wavelength of visible light. 

[0022] In the touch panel of the electronic device, the light reflection and diffraction 
at the boundary between the air space and the transparent electrode can be reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] The present invention will be described with reference to the accompanying 
drawings, wherein like numerals reference like elements, and wherein: 

Fig. 1 is an exploded perspective view of the overall structure of a touch panel 
according to a first embodiment of the present invention; 

Fig. 2 is a plan view of the overall structure of the touch panel according to the first 
embodiment of the present invention; 

Fig. 3 is a fragmentary exploded perspective view of the touch panel in an enlarged 
scale according to the first embodiment of the present invention; 

Fig. 4 is a fragmentary sectional view of the touch panel in an enlarged scale 
according to the first embodiment of the present invention; 



Fig. 5 is an illustration of a relaxation effect of a change in the effective refractive 
index in the region between an air space and an outer surface of a substrate by forming 
projections and depressions on an inner surface of a transparent electrode according to the 
first embodiment of the present invention; 

Fig. 6 is a plan view illustrating another pattern of the projections according to the 
first embodiment of the present invention; 

Figs. 7(a) to (h) are perspective views, each illustrating a shape of the projections 
other, than the shape shown in the above drawings, according to the first embodiment of the 
present invention; 

Fig. 8 is a fragmentary exploded perspective view of a touch panel in ah enlarged 
scale according to a second embodiment of the present invention; 

Fig. 9 is a fragmentary sectional view of the structure of the touch panel according to 
the second embodiment of the present invention; 

Fig. 10 is a plan view of the overall structure of a touch panel according to a third 
embodiment of the present invention; and 

Fig. 1 1 is an exploded perspective view of the structure of a known touch panel. 
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0024] Embodiments of the present invention will now be described in detail. 

[0025] The structure of an analog resistive contact-type touch panel according to a 
first embodiment of the present invention will be described with reference to Figs. 1 to 4. 
Fig. 1 is an exploded perspective view of the overall structure of the touch panel according to 
the embodiment. Fig. 2 is a plan view of the overall structure of the touch panel according to 
the embodiment. Fig. 3 is a fragmentary exploded perspective view of the touch panel 
according to the embodiment in an enlarged scale. Fig. 4 is a fragmentary sectional view of 
the touch panel according to the embodiment in an enlarged scale. 

[0026] Fig. 2 is a plan view wherein the touch panel is viewed from above an upper 
substrate of the touch panel such that a lower substrate and the upper substrate of the touch 
panel are staggered while being parallel to each other. Fig. 3 is a perspective view of the 
lower substrate and the upper substrate alone, which will be described later, of the touch 
panel according to the embodiment. Fig. 4 is a sectional view of the touch panel according to 
the embodiment taken along the line A- A' indicated in Fig. 3. Each layer and each member 
are drawn in a different scale in each drawing so as to be large enough to be visible. 
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[0027] As shown in Figs. 1 and 2, a touch panel 10 according to the embodiment 
has a lower substrate 1 1 made of a transparent substrate such as glass or a transparent plastic 
film and an upper substrate 12 made of a transparent and flexible substrate such as a 
transparent plastic film, opposing each other with a predetermined spacing therebetween. 
Inner surfaces of the lower substrate 1 1 and the upper substrate 12 respectively have a lower 
transparent electrode 15 and an upper transparent electrode 16, made of, e.g., indium tin 
oxide, formed on substantially the entire surfaces corresponding to at least an input area by a 
finger, a pen, or the like. 

[0028] As shown in Fig. 2, the lower transparent electrode 15 is connected to 
wires 31 and 32 at the upper and lower sides shown in the drawing, respectively, and the 
upper transparent electrode 16 is connected to wires 33 and 34 at the left and right sides 
shown in the drawing, respectively. In the touch panel 1 0 according to the embodiment, the 
upper substrate 12 and the lower substrate 1 1 are assumed to lie at the operator side and the 
display device side having the touch panel 1 0, respectively. 

[0029] As shown in enlarged scales in Figs. 3 and 4, the inner surfaces of the lower 
substrate 11 and the upper substrate 12 can include large numbers of fine projections 21 and 
22, respectively. The lower transparent electrode 15 and the upper transparent electrode 16 
are formed in accordance with the configurations of the inner surfaces of the lower 
substrate 11 and the upper substrate 12 having the projections 21 and 22, respectively. The 
projections 21 and 22 are not shown in Figs. 1 and 2, because they are too small compared to 
the sizes of the lower substrate 1 1 and the upper substrate 12, and to the spacing between 
these substrates. 

[0030] The projections 21 and 22 may be made of members different from those of 
the lower substrate 11 and the upper substrate 12. As shown in Figs. 3 and 4, however, the 
projections 21 and 22 are preferably integrated with the lower substrate 11 and the upper 
substrate 12, respectively, so as to simplify the fabrication step for the projections 21 and 22. 
Techniques for integrally forming the projections 21 and 22 with the lower substrate 1 1 and 
the upper substrate 12, respectively, include a method in which a mold having a pattern of the 
projections 21 and 22 is pushed into one of the surfaces of a flat plastic film which is softened 
by heating. The shapes and the patterns of the projections 21 and 22 will be described in 
greater detail later. 

[0031] The spacing between the lower substrate 11 and the upper substrate 12, 
having the lower transparent electrode 15 and upper transparent electrode 16, respectively, 



i.e., the spacing between the lower transparent electrode 15 and the upper transparent 
electrode 16, is on the order of several micrometers, and an air space 13 is interposed between 
the lower substrate 11 and upper substrate 12, i.e., between the lower transparent electrode 15 
and upper transparent electrode 16 as shown in Fig. 4. A large number of spherical 
spacers 14, each having a diameter equal to the spacing between the lower substrate 1 1 and 
the upper substrate 12 (about several micrometers), is disposed between the lower transparent 
electrode 1 5 and upper transparent electrode 1 6 so as to avoid contact of the lower transparent 
electrode 15 and upper transparent electrode 16 in the event of no input by a finger, a pen, or 
the like. 

[0032] The resistive contact-type touch panel 10 has a structure in which the 
flexible upper substrate 12 is deformed at a position of the upper substrate 12 pressed by a 
finger, a pen, or the like from its outer surface, causing the upper transparent electrode 16 to 
come into contact with the lower transparent electrode 1 5 at the pressed position. This 
structure allows the touch panel 10 to perform position detection. 

[0033] The principal of the position detection in the touch panel 10 according to the 
embodiment will be described briefly with reference to Fig. 2. For position detection in the 
horizontal direction shown in the drawing, a predetermined voltage is applied across the 
wires 33 and 34 of the upper substrate 12 so as to provide the upper transparent electrode 16 
with a potential gradient in the horizontal direction while providing the entire lower 
transparent electrode 15 with an equipotential. Thus, a horizontal position is detected based 
on the principal in which the detected voltage varies depending on the position where the 
lower transparent electrode 1 5 and the upper transparent electrode 1 6 are put in contact with 
each other by a finger, a pen, or the like. 

[0034] In the meantime, position detection in the vertical direction shown in the 
drawing is accomplished in a similar fashion to that in the horizontal direction shown in the 
drawing. That is, a predetermined voltage is applied across the wires 31 and 32 of the lower 
substrate 11 so as to provide the lower transparent electrode 1 5 with a potential gradient in the 
vertical direction shown in the drawing while providing the entire upper transparent 
electrode 16 with an equipotential. Thus, a vertical position is detected based on the principal 
in which the detected voltage varies depending on the position where the lower transparent 
electrode 15 and the upper transparent electrode 16 are put in contact with each other by a 
finger, a pen, or the like. 
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[0035] With the above-described principal of position detection in the vertical and 
horizontal directions, a position (a coordinate point), where the lower transparent electrode 1 5 
and the upper transparent electrode 1 6 are put in contact with each other by a finger, a pen, or 
the like, is detected. 

[0036] The shapes and patterns of the projections 21 and 22 respectively formed on 
the inner surfaces of the lower substrate 1 1 and the upper substrate 12 will be described. As 
shown in Figs. 3 and 4, each of the projections 21 and 22 can be formed as a truncated 
quadrangular pyramid. Reference numerals 21 A and 22 A respectively represent the bottoms 
of the projections 21 and 22, and reference numerals 21B and 22B respectively represent the 
tops of the projections 21 and 22. The cross-sectional area of each of the projections 21, 
parallel to the outer surface of the lower substrate 1 1 , is formed to decrease continuously from 
the bottom 21 A to the top 21 B of the projection 21 . The same applies to the combination of 
each of the projections 22 of the upper substrate 12, and the bottom 22A and the top 22B of 
the projection 22. 

[0037] The bottom 21 A of the projection 21 lies on the display device side (the 
lower side shown in the drawing) and the top 2 IB of the projection 21 lies on the operator 
side (the upper side shown in the drawing). The bottom 22 A of the projection 22 lies on the 
operator side (the upper side shown in the drawing) and the top 22B of the projection 22 lies 
on the display device side (the lower side shown in the drawing). 

[0038] As also shown in Fig. 3, arranged on the inner surfaces of the lower 
substrate 11 and the upper substrate 12 are the projections 21 and 22 in a substantially 
periodical manner in three directions shown in the drawing; the vertical and horizontal 
directions which are orthogonal to each other, and the diagonal direction, thus being arranged 
in a substantially matrix configuration as a whole. 

[0039]\Pitches PI, P2 and P3 of the projections 21 and 22 in the horizontal, vertical, 
and diagonal direcHpns shown in the drawing are arranged to be shorter than any wavelength 
of visible light. The pilches PI, P2 and P3 of the projections 21 and 22 can be preferably 
equal to or shorter than ^proximately one fifth of the shortest wavelength of visible light, in 
pv \pther words, about 450 nm.>The shorter the pitches PI, P2 and P3 of the projections 21 and 
y(s22, the better, however, the pitches are preferably arranged to range from 10 to 100 nm since 
pitches shorter than 10 nm cause the fabrication step of the projections 21 and 22 to become 
more complicated. Though illustrated in an exaggerated manner, the pitches PI, P2 and P3 of 
the projections 21 and 22 are extremeK small, that is, on the order of nanometers, while the 



distance betweerSthe lower transparent electrode 1 5 and the upper transparent electrode 1 6 is 
on the order of micrometers. 

[0040] In this embodiment, as described above, the lower transparent electrode 15 
can be formed over the inner surface of the lower substrate 1 1 having the large number of fine 
projections 21 arranged with the substantially periodical pitches PI, P2, and P3 shorter than 
any wavelength of visible light. Thus, projections and depressions having a predetermined 
shape are formed on the inner surface of the lower transparent electrode 1 5 with the 
substantially periodical pitches PI, P2, and P3 shorter than any wavelength of visible light. 
The same applies to the combination of the upper transparent electrode 16, the upper 
substrate 12, and the large number of fine projections 22. 

[0041] When the projections and depressions are formed in a substantially 
periodical manner on the inner surface of the lower transparent electrode 15, light incident 
from the air space 13 is reflected and diffracted at the lower transparent electrode 15. 
However, the projections and depressions formed with the substantially periodical pitches PI, 
P2, and P3 shorter than any wavelength of visible light reduce the light reflection and 
diffraction at the boundary between the air space 13 and the lower transparent electrode 15. 
The projections and depressions thus increase the light transmission on the lower transparent 
electrode 15. The same applies to the combination of the upper transparent electrode 16 and 
the air space 13. 

[0042] According to the embodiment, the light reflection and diffraction at the 
boundary between the air space 1 3 and the lower transparent electrode 1 5 and at the boundary 
between the air space 13 and the upper transparent electrode 16 are thus reduced, thereby 
providing the analog resistive contact-type touch panel 10 having high light transmittance. 

[0043] According to the embodiment, the lower substrate 1 1 and the upper 
substrate 12 are provided with the projections 21 and 22, respectively. Accordingly, both 
kinds of light reflection decrease: one for light incident from the operator side and reflected 
at the surface of the lower transparent electrode 15, and the other for light emitted from the 
display device side and reflected at the surface of the upper transparent electrode 16. 

[0044] It should be understood that the present invention is not limited to a structure 
in which both the lower substrate 1 1 and the upper substrate 12 are provided with the 
projections 21 and 22, respectively, but may include another structure in which at least one of 
the lower substrate 1 1 and the upper substrate 12 is provided with projections. The latter 
structure reduces at least one of the two kinds of light reflection: one for light incident from 
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the operator side and reflected at the surface of the lower transparent electrode 15, and the 
other for light emitted from the display device side and reflected at the surface of the upper 
transparent electrode 16. 

[0045] When the projections 21 and 22 are formed only in one direction in a 
substantially periodical manner, polarized light travelling orthogonal to the direction does not 
see the periodic structure of the projections 21 and 22. In other words, reflection and 
diffraction of the polarized light are not reduced at the boundary between the air space 13 and 
the lower transparent electrode 1 5 and at the boundary between the air space 1 3 and the upper 
transparent electrode 16. Since the projections 21 and 22 are arranged in a substantially 
periodical manner in at least two directions including two mutually orthogonal directions in 
the embodiment, reflection and diffraction of all visible light are reduced at the boundary 
between the air space 1 3 and the lower transparent electrode 1 5 and at the boundary between 
the air space 13 and the upper transparent electrode 16. 

[0046] Further, each of the projections 21 is formed in the embodiment such that the 
cross-sectional area of the projection 21, parallel to the outer surface of the lower 
substrate 11, continuously decreases from the bottom 21 A to the top 21B of the projection 21. 
Defining the shape of the projection 21 as described above serves to make a gradual change in 
the effective refractive index in the region between the air space 1 3 and the outer surface of 
the lower substrate 11, thereby further reducing the light reflection and diffraction at the 
boundary between the air space 13 and the lower transparent electrode 15. The same applies 
to the combination of each of the projections 22, the bottom 22 A and the top 22B of the 
projection 22, the upper substrate 12, and the upper transparent electrode 16. 

[0047] This reduction in the light reflection and diffraction will be described briefly 
with reference to Fig. 5. Because the difference in refractive indexes of the substrate and the 
transparent electrode is negligibly small in comparison to that in refractive indexes of air and 
the substrate or of air and the transparent electrode, the substrate and the transparent electrode 
will be regarded as an integral unit in the following description. The term "the 
substrate/transparent electrode" stands for the integral unit of the substrate and the transparent 
electrode. Fig. 5 is a sectional view of the substrate/transparent electrode having prismatic 
projections formed periodically on the surface thereof, and illustrates the air space formed on 
the projection side of the substrate/transparent electrode. 

[0048] As shown in Fig. 5, the refractive index of air space is "1", and that of the 
substrate/transparent electrode is assumed to be "n". Thus, the effective refractive indexes in 
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the horizontal direction shown in the drawing are "1" in the region above the projections 
where only the air space resides, and "n" in the region below the projections where only the 
substrate/transparent electrode resides. Meanwhile, the effective refractive index in the 
horizontal direction shown in the drawing is "m" in the region where the projections are 
arranged, "m" being larger than "1" but smaller than "n" because of the mixed configuration 
of the projections and the air space. That is, the flat substrate/transparent electrode being in 
contact with the air space causes the refractive index to vary suddenly from "1" to "n" at the 
boundary between the air space and the substrate/transparent electrode. Meanwhile, the 
substrate/transparent electrode having the prismatic projections formed on the surface thereof 
allows the effective refractive index in the region between the air space and the outer surface 
of the substrate/transparent electrode to increase gradually from "1" to "n", thereby easing the 
change in the effective refractive indexes so as to further reduce the light reflection and 
diffraction at the boundary between the air space and the substrate/transparent electrode. 

[0049] Furthermore, when the cross-sectional area is taken parallel to the outer 
surface of the substrate, the ratio of the cross-sectional area of the substrate/transparent 
electrode to that of the air space varies continuously, because the projections are formed as a 
truncated quadrangular pyramid as described in the embodiment. Thus, the effective 
refractive index in the region between the air space and the outer surface of the substrate 
varies gradually, thereby further reducing the light reflection and diffraction at the boundary 
between the air space and the substrate/transparent electrode. 

[0050] In this embodiment, though the projections 21 and 22 are arranged in a 
substantially matrix-like manner on the inner surfaces of the lower substrate 1 1 and the upper 
substrate 12, respectively, it is to be understood that the present invention is not limited to this 
structure. As long as pluralities of projections are formed with a pitch shorter than any 
wavelength of visible light and arranged in a substantially periodical manner in at least two 
directions on the inner surfaces of the lower substrate 1 1 and the upper substrate 12, the 
projections may be provided in any pattern without departing from the spirit and scope of the 
present invention. 

[0051] An exemplary pattern of the projections other than the pattern described in 
the embodiment is shown in Fig. 6. Fig. 6 is a plan view of the lower substrate 1 1 or the 
upper substrate 12 viewed from the projections 21 or 22, showing only the bottoms of the 
projections 21 or 22, respectively. In this pattern, the projections 21 or 22 are arranged in a 
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substantially periodical manner in the vertical, horizontal, and diagonal directions shown in 
the drawing. 

[0052] Although the projections 21 and 22 are formed in the same pattern in this 
embodiment, it should be understood that the present invention is not limited to this structure. 
The projections 21 may be formed in a pattern different from that of the projections 22 
without departing from the spirit and scope of the present invention. 

[0053] Although the projections 21 and 22 are formed as a truncated quadrangular 
pyramid in the embodiment, the present invention is not limited to this shape. As long as the 
projections 21 provide a co-existing layer of the air space 13 and the projections 21 for easing 
a sudden change in the effective refractive index in the region between the air space 13 and 
the outer surface of the lower substrate 11 as described in detail with reference to Fig. 5, the 
projections 21 may be formed in any shape. The same applies to the combination of the 
projections 22, the air space 13, and the upper substrate 12. 

[0054] The cross-sectional area of the projection 21, parallel to the outer surface of 
the lower substrate 1 1 , is preferably configured to decrease in a stepwise or continuous 
manner from the bottom 21 A to the top 21 B of the projection 21 . This shape serves to avoid 
the sudden change in the effective refractive index in the region between the air space 13 and 
the outer surface of the lower substrate 11, thereby further reducing the light reflection and 
diffraction at the surface of the lower transparent electrode 15. The same applies to the 
combination of the projection 22, the upper substrate 12, the bottom 22 A and the top 22B of 
the projection 22, and the upper transparent electrode 16. 

[0055] Exemplary shapes of the projection 21 other than the shape described in the 
embodiment will be described with reference to Figs. 7(a) to (h). The same can apply to the 
shapes of the projection 22. 

[0056] The projection 21 may be formed as any of various truncated pyramids 
including a truncated triangular pyramid shown in Fig. 7(a). Alternatively, the projection 21 
may be formed as a truncated cone shown in Fig. 7(b). The projection 21 may have a 
plurality of top surfaces as shown in Fig. 7(c), or the projection 21 may be formed as either of 
a pyramid and a cone including a quadrangular pyramid and a triangular pyramid shown in 
Figs. 7(d) to (f). 

[0057] Figs. 7(a) to (f) illustrate the projection 21 in which the cross-sectional area 
is configured to decrease continuously from the bottom to the top of the projection. As shown 
in Figs. 7(g) and (h), however, the projection may have a plurality of quadrangular prisms or 
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cylinders stacked on top of one another, each having a base area different from others, so as to 
reduce the cross-sectional area of the projection 21 in a stepwise manner from the bottom 21 A 
to the top 21B of the projection 21 . 

[0058] The structure of an analog resistive contact-type touch panel according to a 
second embodiment of the present invention will now be described. The basic structure of 
the touch panel according to the second embodiment is similar to that of the touch panel 
according to the first embodiment. The touch panel according to the first embodiment has a 
structure in which the projections are formed in a predetermined pattern on the inner surface 
of the substrate, and the transparent electrode is formed over the inner surface of the substrate 
having projections thereon. Meanwhile, the touch panel according to the second embodiment 
differs only in a structure in which a transparent electrode provided with projections formed 
in a predetermined pattern with substantially periodical pitches shorter than any wavelength 
of visible light is formed on the inner surface of a flat substrate. The overall structure of the 
touch panel according to the second embodiment will not be shown in the following drawings 
because it is the same as the structure according to the first embodiment shown in 
Figs. 1 and 2. 

[0059] The structure of the touch panel according to the second embodiment will be 
described with reference to Figs. 8 and 9, which correspond to Figs. 3 and 4 of the first 
embodiment, respectively. Fig. 8 is a fragmentary exploded perspective view illustrating only 
a substrate and a transparent electrode of the touch panel according to the second embodiment 
in an enlarged scale. Fig. 9 is a fragmentary sectional view in an enlarged scale, taken along 
the line B-B' indicated in Fig. 8, of the touch panel according to the second embodiment. In 
Figs. 8 and 9, like components are identified by the same reference numerals as in the first 
embodiment, and like descriptions will not be repeated. Each layer and each member are 
drawn in a different scale in each drawing so as to be large enough to be visible. 

[0060] As shown in Figs. 8 and 9, a touch panel 50 has a flat lower substrate 5 1 and 
a flat upper substrate 52 opposing each other with a predetermined spacing therebetween. 
Inner surfaces of the lower substrate 51 and the upper substrate 52 respectively have a lower 
transparent electrode 55 and an upper transparent electrode 56, formed on substantially the 
entire surfaces corresponding to at least an input area by a finger, a pen, or the like. The 
lower transparent electrode 55 and the upper transparent electrode 56 are respectively 
provided with pluralities of projections 61 and 62 in a respectively predetermined pattern. 
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[0061] Because the lower substrate 51 and the upper substrate 52, and the lower 
transparent electrode 55 and the upper transparent electrode 56 are made of the same 
materials as the corresponding ones in the first embodiment, descriptions about the materials 
will not be repeated. Similarly to the first embodiment, the upper substrate 52 and the lower 
substrate 51 of the touch panel 50 are assumed to lie at the operator side and the display 
device side, respectively. 

[0062] The projections 61 and 62 respectively formed on the inner surfaces of the 
lower transparent electrode 55 and the upper transparent electrode 56 are configured to have 
the similar shape and pattern as the projections formed on the inner surfaces of the substrates 
in the first embodiment. 

[0063] That is, as shown in Fig. 8, each of the projections 61 and 62 can be formed 
as a truncated quadrangular pyramid, similarly to the projections in the first embodiment. 
Reference numerals 61 A and 62 A respectively represent the bottoms of the projections 61 and 
62, and reference numerals 61B and 62B respectively represent the tops of the projections 61 
and 62. The cross-sectional area of each of the projections 61, parallel to the outer surface of 
the lower substrate 5 1, is formed to decrease continuously from the bottom 61 A to the 
top 61 B of the projection 61. The same applies to the combination of each of the 
projections 62 of the upper substrate 52, and the bottom 62A and the top 62B of the 
projection 62. 

[0064] The bottom 61 A of the projection 61 lies on the display device side (the 
lower side shown in the drawing) and the top 61B of the projection 61 lies on the operator 
side (the upper side shown in the drawing). On the other hand, the bottom 62A of the 
projection 62 lies on the operator side (the upper side shown in the drawing) and the top 62B 
of the projection 62 lies on the display device side (the lower side shown in the drawing). 

[0065] As shown in Fig. 8, the projections 61 and 62 are arranged on the inner 
surfaces of the lower transparent electrode 55 and the upper transparent electrode 56, 
respectively, in a substantially periodical manner in three directions shown in the drawing; the 
vertical and horizontal directions which are orthogonal to each other, and the diagonal 
direction, thus being in a substantially matrix configuration as a whole, similarly to the 
projections in th^first embodiment. 

[0066] Similarly to the projections in the first embodiment, pitches P4, P5 and P6 of 
the projections 61 and bS^n the horizontal, vertical, and diagonal directions shown in the 
drawing are arranged to be shorter than any wavelength of visible light. The pitches P4, P5 
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and of the projections 61 and 62 are preferably equal to or shorter than about one fifth of 
the shortest wavelength of visible light, that is, about 450 nm. The shorter the pitches P4, P5 
and P6 of the projections 61 and 62, the better, however, the pitches P4, P5 and P6 of the 
projections 61 ahd 62 are preferably arranged to range from 10 to 100 nm since pitches 
horter than 10 nm ciause the fabrication step of the projections 61 and 62 to become more 
omplicated. Though ilrfe^strated in an exaggerated manner, the pitches P4, P5 and P6 of the 
projections 61 and 62 are extremely small, i.e., on the order of nanometers, while the distance 
between the lower transparent electrode 55 and the upper transparent electrode 56 is on the 
order of micrometers. \. 

[0067] In the second embodiment, as described above, the lower transparent 
electrode 55 having the large number of fine projections 61 arranged with the substantially 
periodical pitches P4, P5, and P6 shorter than any wavelength of visible light is formed on the 
inner surface of the flat lower substrate 5 1 . The same applies to the combination of the upper 
transparent electrode 56, the upper substrate 52, and the large number of projections 62. 

[0068] Thus, projections and depressions having a predetermined shape are also 
formed on the inner surface of the lower transparent electrode 55 with the substantially 
periodical pitches P4, P5, and P6 shorter than any wavelength of visible light. The same 
applies to the combination of the upper transparent electrode 56 and the large number of fine 
projections 62. With this structure, the light reflection and diffraction at the boundary 
between the air space 13 and the lower transparent electrode 55 and at the boundary between 
the air space 13 and the upper transparent electrode 56 can be reduced, thereby providing the 
analog resistive contact-type touch panel 50 having high light transmittance. 

[0069] According to the second embodiment, the lower transparent electrode 55 and 
the upper transparent electrode 56 are provided with the projections 61 and 62, respectively. 
Accordingly, both kinds of light reflection decrease: one for light incident from the operator 
side and reflected at the surface of the lower transparent electrode 55, and the other for light 
emitted from the display device side and reflected at the surface of the upper transparent 
electrode 56. 

[0070] When the projections 61 and 62 are formed only in one direction in a 
substantially periodical manner, polarized light travelling orthogonal to the direction does not 
see the periodic structure of the projections 61 and 62. That is, the reflection and diffraction 
of the polarized light are not reduced at the boundary between the air space 13 and the lower 
transparent electrode 55 and at the boundary between the air space 13 and the upper 
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transparent electrode 56. In the second embodiment, however, the reflection and diffraction 
of all visible light at the boundary between the air space 1 3 and the lower transparent 
electrode 55 and at the boundary between the air space 13 and the upper transparent 
electrode 56 can be reduced by arranging the projections 61 and 62 in a substantially 
periodical manner in three directions including two mutually orthogonal directions. 

[0071] Further, in the second embodiment, each of the projections 61 can be formed 
such that the cross-sectional area of the projection 61, parallel to the surface of the lower 
substrate 51, decreases continuously from the bottom 61 A to the top 61 B of the projection 61. 
Defining the shape of the projection 61 as described above allows the effective refractive 
index to change gradually in the region between the air space 1 3 and the outer surface of the 
lower substrate 51, thereby further reducing the light reflection and diffraction at the 
boundary between the air space 13 and the lower transparent electrode 55. The same applies 
to the combination of each of the projections 62, the bottom 62 A and the top 62B of the 
projection 62, the upper substrate 52, and the upper transparent electrode 56. 

[0072] It should be understood that the shape and the pattern of the projections 61 
and 62 are not limited to the ones described in the second embodiment, but the projections 61 
and 62 may be formed in any of various shapes and patterns in a similar fashion to the 
projections in the first embodiment without departing from the spirit and scope of the present 
invention. 

[0073] The structure of a digital resistive contact-type touch panel according to a 
third embodiment of the present invention will now be described. The overall structure and 
the principle of position detection of the digital resistive contact-type touch panel according 
to the third embodiment will be described briefly with reference to Fig. 10. Fig. 10 is a plan 
view of the overall structure of the touch panel according to the third embodiment wherein 
the touch panel is viewed from above an upper substrate of the touch panel such that a lower 
substrate and the upper substrate of the touch panel are staggered while being parallel to each 
other. Fig. 10 corresponds to Fig. 2 in the first embodiment. 

[0074] Since the basic structure of the digital resistive contact-type touch panel 70 
according to the third embodiment is the same as that of the analog resistive contact-type 
touch panels according to the first and second embodiments, descriptions about the basic 
structure of the former touch panel will not be repeated, and only the differences will be 
described briefly. 
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[0075] The analog resistive contact-type touch panel has the lower transparent 
electrode and the upper transparent electrode formed on substantially the entire inner surfaces 
of the lower substrate and the upper substrate, respectively. Meanwhile, a touch panel 70 
according to the third embodiment has lower transparent electrodes 75 and upper transparent 
electrodes 76 formed on the inner surfaces of a lower substrate 71 and an upper substrate 72 
in a stripe-like configuration, respectively. In addition, the lower transparent electrodes 75 
and the upper transparent electrodes 76 are arranged so as to cross each other. 

[0076] Each of the lower transparent electrodes 75 is connected to a corresponding 
line of wiring 81 so that the lower transparent electrode 75 has its own electric potential. The 
same applies to the combination of each of the upper transparent electrodes 76, a 
corresponding line of wiring 82, and the upper transparent electrodes 76. 

[0077] The touch panel 70 according to the third embodiment is configured by 
using a resistive contact type in the same fashion as the touch panels according to the first and 
second embodiments. That is, the touch panel 70 has a structure in which the flexible upper 
substrate 72 is deformed at a position of the upper substrate 72 which is pressed by a finger, a 
pen, or the like from the outer surface of the upper substrate 72, thereby causing one of the 
upper transparent electrodes 76 to come into contact with the corresponding one of the lower 
transparent electrodes 75 at the pressed position. This structure allows the touch panel 70 to 
perform position detection. 

[0078] The principal of the position detection in the touch panel 70 according to the 
third embodiment will now be described briefly. For position detection in the horizontal 
direction shown in the drawing, a predetermined voltage is applied to each line of wiring 82 
of the upper substrate 72 so as to provide each of the upper transparent electrodes 76 with a 
different potential while providing all the lower transparent electrodes 75 with an 
equipotential. Thus, a horizontal position is detected based on the principal in which the 
detected voltage varies depending on the position where one of the lower transparent 
electrodes 75 is put in contact with another one of the upper transparent electrodes 76 by a 
finger, a pen, or the like. 

[0079] In the meantime, position detection in the vertical direction shown in the 
drawing is accomplished in a similar fashion to that in the horizontal direction shown in the 
drawing. That is, a predetermined voltage is applied on each line of wiring 81 of the lower 
substrate 71 so as to provide each of the lower transparent electrodes 75 with a different 
potential while providing all the upper transparent electrodes 76 with an equipotential. Thus, 
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a vertical position is detected based on the principle in which the detected voltage varies 
depending on the position where one of the lower transparent electrodes 75 is put in contact 
with another one of the upper transparent electrodes 76 by a finger, a pen, or the like. 

[0080] With the above-described principle of position detection in the vertical and 
horizontal directions, a position (a coordinate point) where one of the lower transparent 
electrodes 75 is put in contact with another one of the upper transparent electrodes 76 by a 
finger, a pen, or the like is detected. The digital touch panel, however, is different from the 
analog touch panel in position detection. In other words, it is capable of detecting only 
positions where the lower transparent electrodes 75 and the upper transparent electrodes 76 
cross. 

[0081] The present invention is applicable to the digital resistive contact-type touch 
panel 70 as described above. The touch panel 70 according to the third embodiment may 
have a structure in which fine projections are formed in a predetermined pattern on the inner 
surfaces of the lower substrate 71 and the upper substrate 72, and the lower transparent 
electrodes 75 and the upper transparent electrodes 76 are formed in a stripe-like configuration 
over the inner surfaces of the lower substrate 71 and the upper substrate 72 having the fine 
projections thereon in a similar fashion to the touch panel in the first embodiment. 
Alternatively, the touch panel 70 may have a structure in which the stripe-like lower 
transparent electrodes 75 and the stripe-like upper transparent electrodes 76 both having fine 
projections with a predetermined pattern are formed on the surfaces of the flat lower 
substrate 71 and the flat upper substrate 72 in a similar fashion to the touch panel in the 
second embodiment. 

[0082] With this structure, the touch panel 70 has features similar to those of the 
first and the second embodiments. In other words, the light reflection at the boundary 
between the air space and the lower transparent electrodes 75 and at the boundary between the 
air space and the upper transparent electrodes 76 is reduced. The digital resistive contact-type 
touch panel 70 having high light transmittance is thus provided. 

[0083] While each line width of the lower transparent electrodes 75 and the upper 
transparent electrodes 76 is on the order of micrometers, each of the projections formed on 
the inner surfaces of the lower substrate 71 and the upper substrate 72 or on the inner surfaces 
of the lower transparent electrodes 75 and the upper transparent electrodes 76 is on the order 
of nanometers, that is, extremely small compared to the line width of the lower transparent 
electrodes 75 and the upper transparent electrodes 76. 
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[0084] It should be understood that the present invention is not limited to the 
resistive contact-type touch panels as described in the first to third embodiments, but is 
applicable to any touch panel as long as the touch panel has an air space arranged to be in 
contact with a transparent electrode. A touch panel having an air space arranged to be in 
contact with a transparent electrode may include, for example, an electrostatic capacitive 
coupling-type touch panel besides the resistive contact-type one. 

[0085] The structure and the principal of position detection of the electrostatic 
capacitive coupling-type touch panel will now be described briefly. The structure of the 
electrostatic capacitive coupling-type touch panel is similar to that of the digital resistive 
contact-type touch panel. In the structure, stripe-like lower transparent electrodes and stripe- 
like upper transparent electrodes are respectively formed on the inner surfaces of a lower 
substrate and an upper substrate which oppose each other and between which an air space is 
interposed. The lower transparent electrodes and the upper transparent electrodes are 
arranged to cross each other. 

[0086] Since a certain amount of capacitance is formed between the lower 
transparent electrodes and the upper transparent electrodes of the electrostatic capacitive 
coupling-type touch panel, when an operator touches the outer surface of the upper substrate 
with a finger, the operator's body functioning as a ground attracts electric charge, thus 
changing the amount of capacitance. The electrostatic capacitive coupling-type touch panel is 
characterized by performing position detection by measuring the amount of capacitance. 
While the resistive contact-type touch panel is required to input by deforming the upper 
substrate with a finger, a pen, or the like, the electrostatic capacitive coupling-type touch 
panel is capable of performing position detection without deforming the upper substrate, 
thereby eliminating a special pen and possibly leading to detecting a trace made by a finger or 
the like which moves continuously on the upper substrate. 

[0087] The present invention is applicable to the electrostatic capacitive coupling- 
type touch panel as described above. As described in the first to third embodiments, the 
electrostatic capacitive coupling-type touch panel may have a structure in which fine 
projections are formed in a predetermined pattern on the inner surfaces of the lower substrate 
and the upper substrate, and the lower transparent electrodes and the upper transparent 
electrodes are respectively formed in a stripe-like configuration over the inner surfaces of the 
lower substrate and the upper substrate having the fine projections thereon. Alternatively, the 
touch panel may have a structure in which the stripe-like lower transparent electrodes and the 
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stripe-like upper transparent electrodes having fine projections with a predetermined pattern 
are respectively formed on the surfaces of the flat lower substrate and the flat upper substrate. 

[0088] With this structure, the touch panel has features similar to those of the first 
to third embodiments. In other words, the light reflection at the boundary between the air 
space and the lower transparent electrodes and at the boundary between the air space and the 
upper transparent electrodes is reduced. The electrostatic capacitive coupling-type touch 
panel having high light transmittance is thus provided. 

[0089] The present invention is further applicable to an analog electrostatic 
capacitive coupling-type touch panel in which a transparent conductive resistive film is 
coated on the entire surface of a substrate at the operator side and external electrodes for 
applying and detecting a voltage are provided at the four corners of the substrate. With this 
structure, a uniform electric field is formed by applying a voltage among the electrodes at the 
four corners. When a finger touches the conductive resistive film, the electric field varies by 
electrostatic capacitive coupling occurring at the touched position of the film. Because the 
current value at each corner is in proportion to the distance from the corner to the touched 
position, position detection is performed by measuring current values at four corners. Thus, 
the reflectivity at the boundary between the transparent electrode and the air space can be 
reduced, thereby providing a touch panel having high light transmittance. 

[0090] The following describes a comparative example between the present 
invention and a touch panel of a conventional arrangement. 

[0091] First, a substrate made of polycarbonate (PC), provided with a transparent 
electrode, was prepared such that a large number of fine projections were formed on one 
surface of the substrate and the transparent electrode made of indium tin oxide with a 
thickness of about 70 nm was formed over substantially the entire surface of the substrate 
having the large number of projections thereon. 

[0092] Each of the projections was formed as a truncated quadrangular pyramid, 
having a height of 100 nm, a square bottom with a side of 100 nm, and a square top with a 
side of 40 nm. The projections were periodically arranged with the same pitch of 120 nm in 
two mutually orthogonal directions so as to be in a matrix-like configuration as a whole. 

[0093] Next, a substrate provided with a transparent electrode was prepared in a 
similar fashion to the first, except that the transparent electrode was flat and formed on one of 
the surfaces of the flat substrate. 
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[0094] The above substrates provided with transparent electrodes prepared 
according to the present invention and the conventional arrangement, were then compared. 
The reflectivities at the surfaces of the transparent electrodes of the substrates with 
transparent electrodes were measured by irradiating the substrate with light having a 
wavelength ranging from 400 to 700 nm from the transparent electrode side. The 
measurements showed that the reflectivities of the substrates of the present invention and the 
conventional arrangement were 6 percent and 12 percent, respectively. The measurements 
also revealed that projections and depressions formed in a predetermined shape on the surface 
of the transparent electrode with a pitch shorter than any wavelength of visible light reduce 
the light reflection at the boundary between the air space and the transparent electrode. 

[0095] As described above, the touch panel according to the present invention is 
provided with projections and depressions with a predetermined shape and a predetermined 
pattern formed with a pitch shorter than any wavelength of visible light, on the inner surface 
of the transparent electrode of at least one of the substrates in the following two ways. One 
arrangement is such that a plurality of projections are formed on the inner surface of at least 
one of the substrates with a substantially periodical pitch shorter than any wavelength of 
visible light, and the transparent electrode is formed over the inner surface of the substrate 
having the plurality of projections. The other arrangement is such that the transparent 
electrode provided with a plurality of projections having a predetermined shape and formed 
with a substantially periodical pitch shorter than any wavelength of visible light are formed 
on the surface of the flat substrates. 

[0096] In addition, the touch panel according to the present invention is preferably 
arranged to have projections, each having a cross-sectional area parallel to the outer surface of 
the substrate which decreases in a stepwise or continuous manner from the bottom to the top 
of the projection. 

[0097] The structures as described above reduce the light reflection and diffraction 
at the boundary between the air space and the transparent electrode, thereby providing a 
resistive contact-type touch panel or a electrostatic capacitive coupling-type touch panel both 
having high light transmittance. 

[0098] While this invention has been described in conjunction with the specific 
embodiments thereof, it is evident that many alternatives, modifications and variations will be 
apparent to those skilled in the art. Accordingly, preferred embodiments of the invention as 
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set forth herein are intended to be illustrative not limiting. There are changes that may be 
made without departing from the spirit and scope of the invention. 
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